A B S T R A C T Plasma calcitonin (CT) was measured in the basal state and/or during provocative tests of hormone secretion in 11 children with congenital nongoitrous cretinism (CNC), in 1 girl with a lingual thyroid, and in 11 normal children. Basal and stimulated CT concentrations were significantly lower in the patients with CNC than in the normal subjects. Mean basal CT (± SE) was 41±4 pg/ml in the normal children, 24±3 pg/ml in the children with CNC, and 20±2 pg/ml in the patient with the lingual thyroid. The mean incremental CT responses to calcium infusion were 7.0±2 pg/ml in the children with CNC, 6.0 pg/ml in the patient with the lingual thyroid, and 146±47 pg/ml in the normal children. The children with CNC also demonstrated a significant delay in the return of the total serum calcium to basal level after the calcium infusion. The mean incremental CT response after infusion of pentagastrin was 7.6+2 pg/ml in the children with CNC, 10.0 pg/ml in the child with the lingual thyroid, and 34.4±11 pg/ml in the normal children. These data indicate that CT deficiency is present in children with CNC and suggest that the deficiency is a consequence of the defective embryologic development of the thyroid gland.
INTRODUCTION
In mammals, the calcitonin-producing cells (C cells)' of the thyroid gland become incorporated into that organ during embryogenesis after their migration from the neural crest (1) . In patients with congenital dysgenesis of the thyroid, the thyroid gland is poorly developed or absent, and thus may not be available as the organ of residence for the C cells. In order to study the effect of this developmental thyroid abnormality on Subjects. 23 children were studied after parental consent had been obtained. The study had the approval of the Human Subjects Committee of the University of California, San Diego.
Basal blood samples for plasma CT determination were obtained from 11 normal children who had no abnormalities of calcium or skeletal metabolism and from 11 children with CNC. The normal group consisted of six boys and five girls who ranged in age from 3 to 12 yr (mean age 9.2 yr). These were children who were having blood drawn during routine physical examination (basal sample only) and siblings of children undergoing provocative testing. None of the normal children had any clinical evidence ofhypothyroidism or other thyroid disease. The hypothyroid group consisted of two boys and nine girls who ranged in age from 1.25 to 15 yr (mean age 7.9 yr). Children from each group also underwent provocative testing ofCT secretion. Calcium and pentagastrin infusion studies were performed on five normal children, four boys and one girl (mean age 9.0 yr), and seven children with CNC, two boys and five girls (mean age 9.1 yr). Of the nine girls in the CNC group, seven had a pubertal stage P1, one had P3, and one had P5 (2) . Of the five girls in the control group, two were P1 and three were P2. A 2.5-yr-old girl with a lingual thyroid also received both infusions.
The clinical profiles of the children who underwent provocative testing are given in Table I wt elemental calcium (as calcium chloride) was adminiistered over 10 miil. Blood samples were collected at 0, 5, 10, 20, 30, 40, and 60 min after the initiation of the infusion. Immediately after the 60-min sample, an intravenous bolus of pentagastrin (Peptavlon, Ayerst Laboratories, New York) at a dose of 0.5 ,g/kg body vt was administered. Blood samples were collected at 2, 5, 10, 20, 40, and 60 min. During the calcium infusion heart rate was followed by cardiac monitoring and no abnormalities were observed. Antalytical procedures. Heparinized samples for CT determinations were immediately placed in ice and the separated plasma stored at -20°C until assayed. Plasma CT was determinied by a previously described radioimmunoassay (4, 5) .
This procedure can detect 1 pg of CT/ml of plasma and does not demonstrate the presence of CT in thyroidectomized subjects. Total Fig. 1 . The meain basal plasma CT (+SE) in children with CNC (24±3 pglml) was significantly (P < 0.005) less than that of the normal children (41±4 pg/ml).
The basal CT in the girl with the lingual thyroid (Table I, patient 8) was 20+2 pg/ml.
Effect of calcium and penitagastrin on1 plasmia calcitonin and seruml calcium. Fig. 2 illustrates the effect of calcium infusion and pentagastrin infusion on plasma CT and serum calcium in the niormal subjects and the patients. Calcium infusion produced a mean increment of plasma CT in normal children (146±47 pg/mil) which was significantly (P < 0.007) greater than that of the children with CNC (7.0+2 pg/ml). All of the normal subjects demonstrated a peak plasma CT response at 10 min whereas this was seen in only two of the seven patients.
The mean total serum calcium concentrations for both groups were within the normal range prior to the calcium infusion. Although the value for the children with CNC (9.8±0.7 mg0100 ml) was greater than that for the normal children (9.23±0.3 mg/100 ml), the difference was not significant. However, the pattern of decline in total serum calcium differed in the two groups. In the normal groups the mean total serum calcium decreased to below the base-line level by 40 min. In the patient group, on the other hand, it had not returned to base line by 60 min and remained significantly (P < 0.05) increased over that of the control group at both 40 and 60 min.
Pentagastrin infusion also produced a mean increment in plasma CT in normal children (34.4±11 pg/ml) which was significantly (P < 0.025) greater than that of children with CNC (7.6±2 pg/ml). The peak plasma CT occurred at 2 min in four of five normal subjects but only in two of seven patients.
Calcium and pentagastrin studies were also performed in an euthyroid girl with a lingual thyroid (Table I-patient 13) . This child demonstrated CT and calcium responses that were similar to those of the patients with CNC. The maximum increase in plasma CT was 6 pg/ml after the calcium infusion and 10 pg/ml after the pentagastrin infusion. The mean total serum calcium concentration remained above the base line for 60 min after the calcium infusion. DISCUSSION Our results demonstrate that children with CNC have lower than normal levels of plasma CT in the basal state and during provocative testing with two known CT secretagogues, calcium and pentagastrin. Because CT can act to lower blood calcium, this CT deficiency may explain why the children with congenital cretinism are less able than the normal children to rapidly correct the hypercalcemia induced by the calcium infusion, an observation similar to that of Anast and Guthrie (7) . In addition, the pattern of stimulated CT secretion in the congenital cretin group was also different from that observed in the normal children. In normal children, the peak plasma CT response occurred within a consistent time period after the initiation of each infusion. In the CNC group, the peak response was erratic and occurred later than in the normal group. Thus, children with CNC not only have significantly lower plasma CT concentrations than normal children but also have CT secretory responses which differ qualitatively from those observed in normal children. Pentagastrin determine if age-and sex-related differences in CT secretion are present in normal children. The CT deficiency in these children with hypothyroidism may be the result of either quantitative or qualitative C-cell abnormalities. There are no data regarding C-cell numbers in congenital thyroid dysgenesis. However, the thyroid does play an importanit role in the embryogenesis of C cells in mammals. These C cells are derived from neural crest elements present in the fourth pair of pharyngeal pouches (1) . During embryogenesis in mammals these neural crest elements migrate to the developing thyroid and become (lisseminated aimong the follicular cells. (In submamiimlals, the C cells form their own organ, the ultimobranchial gland.) A physiologic interaction between the C cells and the thyroid follicular cells has been suggested (11) . The similarity of the poor secretory response observed in both the children with congenital cretinism and the patient with the lingual thyroid suggests that the CT deficiency in these children mnlay be due not only to the absence of thyroid tissue but also to the failure of normal thyroidal migration and failure of incorporation of C cells into a normally situated thyroid gland.
The demonstration of CT deficiency in children is of particular interest because there is evidence that CT may play an important role in the regulation of skeletal metabolism during childhood. Wolfe, et al. (12) , have demonstrated C cells in the normal neonatal thyroid gland to be relatively greater in number and to have greater CT content than those of the normal adult. Elevated levels of plasma CT have been described in neonates (9, 13, 14) and in cord blood compared with matched matemal blood (8) .
Despite CT deficiency or undersecretion, children with thyroid dysgenesis have no obvious disorder of calcium metabolism and the typical skeletal abnormalities of this disease appear to be corrected by thyroid hormone replacement. Nonetheless, an unappreciatedl mineral abnormality may be present in these children. Our data suggest that comprehensive evaluation of calcium homeostasis and skeletal metabolism should be considered to determine any pathophysiological consequence of decreased calcitonin secretion in children with congenital thyroid dysgenesis.
